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A6cTpakT 


Hacmoawee ucciedoeaHue npedcmaejiaem codou analu3z yuedHou OedAmMelbHOCMU, COCMOAWEU 6 
MoOeluposanuu cemeu u u3yY¥eHUU OUHaMUKU Ux dyHKYyUoHUposaHuaA. HUccnedoeaHue OCHO6aHO Ha 
UCNONb3OGAHUU CEMEeBbIX YUeOHbIX Cped. Imu cpedbi No36o1A1I0OM CMpoumMb KOMNbiomeEpHble MOOeIU 2pa- 
coe cemeu. B coomeemcmeuu c npedjazaemou MemoouKOU, yuaiueca Cmposm OuHaMUYeCKUe KOMNDIO- 
mepHble MOOeIU 2paqdo6 cemeu, PeaUu3yA pazlUu4nole AlZOpUMMbI OuHAMUKU 3mux Cemeu. B Kauecmé6e 
UuNCMpyMeHnMa OJ1A NOCMPOeCHUA MOOEIEU UCNOML3VEMCA NPOZPAMMHAA CPeda, COCMOAWAA UZ CNeEYUaIIb- 
HO2O NnpoepamMMuHoeo obecneyenua OA aHanu3a cemeu NodeXL u cmandapmuHou 31eKmMpOHHoU maobsuyol 
Excel. Paspabomannad MemoouKa no36o1AeM VYUAWUMCA BUu3yalUu3UupO6amb OuHamuKy cemu. B pabome 
npueedeHbl KOHKpemHble NPuMepbl MOOEIEU CeMeU U PAZIUUHDbIE AIZOPUMMbIl OUHAMUKU Cemeu, Pazpa- 
OOMAHHbIe HA OCHOGE NPEOMOICEHHOU MEMOOUKU. 

Ku04ueBble CJIOBAa: COYUUAIbHbIE Cemu, AHAaIUZ Cemeu, yYUeOHAA Cpeda, 21eKMPOHHb1le MabUYbI, MOde- 
jlupoeanue. 


BBeneHne 


OOmlecTBo 21 Beka — 9TO, B HepBYy!O O4epedb, CeTeBOe OOIIECTBO, TO ECTb OOMIECTBO, 
(DYHKIMOHMpOBaHHe KOTOPOTO TeCHO 3aBA13AHO Ha COCJMHEHHBIe B MO0aJIbHbIe CTH YeJIOBede- 
CKHe PeCypCbI HU BCCEBO3MO2%KHbIC CepBUCHI. CaMOOIIyIeHHe 4eIOBeKa KaK 3JIEMeHTAa OOLIEMH- 
POBOTO CeTeBOFO MPOCTpaHCTBa ABJIACTCA HOBbIM MH HEMCCIIEOBAHHbIM ABJICHHeM. OueBU HO, 
Y4TO 3TO CAMOOIIyIIeHHe CTAHOBUTCA BaXKHEMINeN KOMIIOHCHTOM MOBCeEXHEBHOCTYH B I[eJIOM U 
CHCTeMbI OOpa30BaHHA, B YacTHOcTH. IloHuMaHve TIpHHUMMOB Wpouecca OOy4eHHA B HOBOM 
CeTeBOM OOIMIeCTBe HyKaeTCA B CIelMasIbHOM MccIeqOBaHUuH. Yualuecsa, Oyqy4u COeMHeHbI 
Ipyr C JpyroM, C yYYMTeAMH, C MCTOUHHKaMHU y4eOHOrO MaTepHasla, C pa3sIM4YHbIM MeJIMMHbIM 
KOHTCHTOM, CTaHOBATCA TaK Ha3bIBaeCMbIMH «IM@pPOBbIMU>> WIM «CeTeCBbIMM> JIMYHOCTAMH, 
IIpHoOpetaroT HOBbIe, paHee HeH3BeCTHbIe cBolicTBa (JleBuH, 2012; Levin & Kojukhov, 2013). 
CeTb caMa CTaHOBUTCA BaxKHeHIIMM, CCJIM HE OCHOBHbIM ICMCHTOM OOy4arollleH cpeybI. He 
cuyuavHo, W3MeCHeEHHe CeTH BO BPeMeHH, Ce SIBOJIOIMA OKA3bIBAIOTCA B ICHTpe BHUMAaHHA UC- 
cneqoBatresen. U3mMeHsrollaica CeTb, ABIAACh JJMHAMMYeECKOM CHCTeEMOM, HYKTaeTCA B MaTe- 
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MaTHYeCKOM BbIpaxkeHun. [pu sTOM 9TO BbIPAxKeHHEe OIMKHO COOTBETCTBOBATb BOCIIPHATHIO 
yuallluxca He MeHee YCIIelIHO, 4eEM TpayMI[MOHHble THIMbI JHHAaMM4YeCCKMX CHCTeM, Take Kak 
3JIEKTPOMeXaHHyecKue CHCTEMBI WIM CHCTeMBI LHdpoBoro yupaBJIeHHA, KOTOpPble B TpayMu- 
OHHOM IIKOJIC H3y4aIMCb C UCIOJIb30OBaHHeEM YYeCOHBIX Cpe, OTOOParkKarollMx, PeasM3yFOUINx 
WIM MOJeIMpyIOWMx JWMHAaMWYeCKHe CHCTeMBI pa3sHOOOpa3HOH MpHpObI: OT MPOCTbIX Mexa- 
HUYeECKHX CHCTeM, (PYHKI[MOHMPYIOIIMX B COOTBETCTBHe C 3aKOHAMH HbIoTOHA, JO ABTOMaTOB 
WM MUKpOMporeccopos. 

CeroyHa CeTH HaXOJATCA B ICHTpe UCCJIeOBAaTeJIbCKOrO MHTepeca HW Kak MaTeMaTHye- 
CKHM OObeKT, HU Kak OOMICCTBCHHadA PeaJIbHOCTb, U3BECTHaA KaK COlMasIbHaad ceTb. J[MHamn- 
Ka TONOJIOMMM COMMAIbHBIX CeTeH IIpeCTaBIIAeCT CyIeCCTBCHHbIM HHTepec, TaK KaK I1O3BOJIACT 
OOHapyXKUTb UW OObACHUTH NOWYAaC HEOKUTAHHbIe 3AKOHOMEPHOCTH UV ABJICHHA, CBA3AHHBbIC C 
(DYHKI[MOHHpOBaHHAM CeTeH. 3ayja4a OObACHCHHA STUX 3AKOHOMEPHOCTeH MpeCTaBIIAeT Co- 
Oo HayyHy!o TpoOseMy, CXO?2K yO 10 MOCTaHOBKe C TpoOOeMaMH aHasiu3a JJMHAMM4eCKHX CH- 
cTeM. OTJIM4He 3aKIFOUaeTCA B Pa3zIM4HO MpHpose 3TUX THMOB CUcTeM. EcsIm TpayMuUMOHHbIe 
JMHAMMYeCKHe CHCTEMbI MMCIOT CCTECTBCHHY!O TIPUpOsy, OMUCHIBAIOT IIPHPOHbIle MpOLleccsl, 
TO COLMaIbHbIe CeTH TpeCTaBIAIOT COOOM HUCKYCCTBeCHHbIe MUPbI, Ipupoya U 3aKOHbI PyHK- 
I[MOHUpOBaHHA KOTOPbIX 3ABMCHT KaK OT pa3spaOoTUNKa COOTBETCTBYFOIIerO CpesICTBa KOMMy- 
HUKalMu, TaK WU OT CeTeBOrO NOBEACHHA NOMb30BaTeNeH. ToT akT, YTO CeTeBOe TOBeeHHe 
BJIMACT Ha TOMOJIOIMIO CTH, HMeeCT IIPHHIMMMasIbHOe 3HaYeHHe, Tak KaK CBA3bIBaeT TIOHHMa- 
He TOMOMOMM CeTH C TpaBusIaMu CeTeBOrO TOBECHHA Y4aCTHUKOB CeTH. 

VUccneqopaHve CceTeBOro NOBeCHUA TECHO CBA3AHO C TAKUM AKTHBHO pa3BiBarOIMMCca 
CeroJHA Hay4HbIM HalipaBJICHHeM Kak KOJIJICKTHBHOe O3HaHHe (social learning). JlevicTBu- 
TeJIBHO, CCIM CerOTHAMIHUN «CeTeBOM CTYICHT» YYHTCA B YCJIOBHAX MHTCHCHBHOFO B3aHMO- 
JIeHCTBUA KaK CO CBOMMU CBepCTHHKaMH, Tak UM C HejjaroraMu, ero CeTeBOe CaMOOIILyIeHnHe, 
cBoecoOpa3Had CeTeBad OCBEJJOMJICHHOCTh (network awareness) MpeCTaBIIAFOT CyII[eCTBeHHbIM 
Kak TeOpeTHYeCKHH, Tak HW WpakTH4ecKHH UHTepec. BO3MOxKHOCTb OOYYCHHA HABbIKaM CeTeEBOK 
OCBeEJOMJICHHOCTH OCYINeCTBJIACTCA B paMKax KOHHenuMu AHamuTuka KosiekTuBHoro Ilo3Ha- 
Hua (AKIT) (Social Learning Analytics) (Schreurs, Teplovs, Ferguson, De Laat, & Buckingham 
Shum, 2013). Sta, oTrHOCUTebHO HOBad Ciepa UCCMeqOBAaHHM UW pa3spaOoTOK Mpu3BaHa OOe- 
CIe4YHTh Y4aCTHUKOB CeTH CpeACTBOM aHasIv3a MOBeCHHA CeTH B I[eJIOM, B 3ABHCHMOCTH OT 
MOBeEJCHHA DJICEMCHTOB 3TOH CeTH. 

IIpenctTaBiaeTcaA OYeBUAHOM BaxKHOCTb UV aKTyaJIbHOCTb pa3pao0o0TKH HU MU3y4eHHA CeTe- 
BbIX YHCOHBIX cpey. HanOomee U3BeCTHBIM CpeJICTBOM aHasIv3a CeTeH Ha CerOJHAIUHHM JICHb 
ABIIACTCA TporpaMMHas cpeyza NodeXL (Smith u gp., 2009), uHHOBaIIMOHHOe TIpOrpaMMHoe 
CPpeACTBO, MO3BOJIAIOMIee BU3YaIM3UPOBaTb pa3sHooOpa3Hble CceTH B Bue rpados. [ia sTOK 
I[eJIM UCHOUb3yeTCA CTAaHapTHad WIeKTPpOHHad TaOsuua Excel. B cpene NodeXL yuamneca 
MOryT JOCTATOYHO MIpOcTO OTOOpaxkaTb COCTOAHHe KOHKPeTHBIX COIMAJIbHBIX CeTeH, B KOTO- 
PbIX OHH padorTalorT. ITO NO3BOIAeET YAAIMMCA HaOIOLAaTh JMHAMUKy CeTeH, AHAIM3UPYA CBA3b 
M@2xK]Ly COOCTBCHHBIM IMOBeJIEHHeM B CeTH, C OJHOM CTOPOHbI, MH COOTBETCTBYIOINMMU H3MeHe- 
HUAMH TOMOJOrNM CeTH — Cc Apyron. 

OcoOeHHOCTbIO HacTosAMew paOoTbl ABIIAeTCH peasM3alMaA UeH MCHOUb30BAaHuA 
NodeXL He ToJIbKO H HE CTOJIBKO JIA AHAIIN3a, HO KaK CpeCTBa MOJesIMpOBaHHA CeTer. baaro- 
apa STOMY Cpejla IpHoOperaeT xapakTep KOMIIbIOTepHOrO MUKPOMUpa, B KOTOPOM y4allneca 
He TOJIbKO HaOHOMalOT JJMHAMUKy CeTeH, B KOTOPbIX OHH PYHKIIMOHUPYICT, HO U CTPOAT CBOH 
COOCTBeHHbIe MOEN PYHKIMOHMpOBaHHA CeTeH, aHasM3uUpyaA TMHaMUKy 39TMX MoOsesen. Ta- 
Kad yueOHad Cpella MO3BOJIAeT JOCTHIHYTh pala Wewaroruyeckux Welle, COOTBETCTBYIOMIMX 
IIpPHHIWnNaM KOHCTpyKIMOHH3Ma (Papert, 1991) uw cooTBeTcTBylollei eMy TeopHu y4ueOHbIx 
MUKpomupos. Cpeyu 3THX MpPHMHUMIMOB: 

1)  PenextuBHocts — o6ecleyeHve MOHMMAaHHA y4all[MMCA COOTBETCTBHA Merk ]y ero 
COOCTBCHHBbIM CeTeBbIM MOBeTCHHeM C OHO CTOPOHBI, HW 3aKOHaMU (yHKIMOHUpo- 
BaHUA CeTH — C JIpyrou. 

2)  Bu3yarbHocTh — obeciedyeHve TpecTaBseHuaA ceTH B Bue rpada, WpecTaBsArO- 
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ero COOOK pe3yibTar (PYHKUMOHUPOBaHHA CeTH B COOTBETCTBHE C TIpaBHsIaMH, 3a- 
JJAHHbIMUM yuall[MMc4_. 

3)  WUccnenyemoctTb — BO3MO%KHOCTb MOCTPOeCHHA pa3JIM4HbIX HOBBIX CeTeli, COOTBET- 
CTBYFOINMX pa3HOOOpa3HbIM 3aKOHAaM (PYHKIIMOHUpOBaHHA CeTH. 

4)  Peanns3aiua clleHapua To npHaniy «UTo, ec?» — BO3MOXKHOCTb (POPMYIMPOBKH, 
MOJCIMpOBaHHA HU BepuuKAlMU Pa3sIMYHbIX WpaBuUs (asIrTOpHTMOB) PoOpMUpoBaHHA 
CeTH C MOCIIEXYIOWIMMM aHasIH30M pe3yJIbTaTOB MOJeJIMpOBaHHA HU POpMyIMpOBKOu 
BbIBOJOB. 

OcHOBHOH IeJIbIO HACTOAMIErO UCCIIEOBaHHA ABJIACTCA U3y4YeHHe 9MeKTHBHOCTH IIpo- 
TpaMMHOHi Cpeybl JIA AHAJIM3a W MOJ[eJIMPOBAaHHA CeTeH Kak CpeJICTBa OOY4YCHHA CCTEBBIM 3aKO- 
HOMePpHOCTaM UH POPMUPOBAaHHA y y4allluxca CeTeBOM OCBeTOMIECHHOCcTH. MccreyqoBaHve HOCHT 
IMIMpWY4eCKMH XapakTep U COCTONT U3 AByx 9TaNOB. Ha MepBomM 9Tale yuall[Meca OBIaeBaroT 
MeTOJUKON MOesIMpOBaHuA CeTeH B cpeze NodeXL. Ha Bropom 9Tatie u3y4aroTca TIpUMepbI 
MOJICJIMPOBAHHA CeTeH y4allMMNCA U pe3ylIbTaTbI AaHAaJIM3a STOO MOJeMpOBaHHaA. 


CetTesaa nefnarornuKa 


Cerepaad leqaroruka ABJIACTCA ObICTPO pa3BUBaIOIMMCA HalpaBsieHvem Teopun oby4e- 
Hua. Llembro UccueqOBaHHH B OOacTH CeTeBON MearornkU ABJIACTCA OCMBICJICHHe IIpOMeccoB 
OOy4eHHA TYTeM W3y4YeHHA CHOCOOOB pa3BUTHA HW MO epxKaHuA «CeTH)> COMMAJIbHbIX OTHO- 
INeCHHM, B paMKax KOTOPBIX IIPOHCXOAMT OOyYeHHe. CeTeBoe OOy4eHnHe — ITO THI HEopMalib- 
HOrO OOyYeHHA, KOTOPbIM BOBJIeKaeT JOE, MpuAarouux OobUIOe 3HAYCHHe COMMAJIbHbIM 
KOHTAaKTaM Kak pa3BMBarollero cpeycTBa (Jones, Asensio, & Goodyear, 2000). Heaasyue uc- 
CleqOBaHWA WOKa3asIM, YTO CeTeBOe OOYYeHHE BO3ACUCTBYeT MOJOKUTEIbHO Kak Ha yueOHy!Io 
J[CATCJIBHOCTb CTYJICHTOB, TaK HW Ha (PYHKIFMOHMPOBAaHHe IIKOJIbI KaK TaKOBOM (Coburn & Rus- 
sell, 2008; Penuel u gap., 2010). Cerepaa yue6a BKuHOUaeT HCIMONb30BaHHe MHMOPMAallMOHHbIX 
TEXHOJIOMMH Kak CpeJICTBa COTPyYAHWYeCTBAa HU KOOTepallMH MexK Ty yaalllMMUCcA, UX YANTeJLAMU 
MW Y4eOHbIMH pecypcaMH. 

Cerepoe oOyyeHHe MoKycupyeTca Ha pa3sIM4HAX COMMAIbHbIX OTHOMICHHU, KOTOpbIe 
CTPOAT JOU, Ha CTpaTeruAX, KOTOPbIe OHV UCHOJIb3YIOT, YTOOKI MOMIepxXKUBATh ITM OTHOIIIC- 
HHA, UW Ha TOM MOJIOKUTCIbHOM 39PMeKTe, KOTOPbIM MOXKHO U3BJIe4b U3 ITOFO JIA OOYYeHHA. 
Teopua ceTeporo o6yyYeHHA TeECHO CBA3AHa MU UCHOUIb3YeT MCTOAOJIOFNIO TEOPHN COMMAJIbHbIX 
ceTei, BKIIOUad aHasu3 CeTeH (Ferguson & Buckingham Shum, 2012). 

AHasIv3 COUMaIbHOK CeTH MOaraeT YTO CETH COCTOAT 3 BeEPIIHH UH CBA3eH. BepiimHsl 
—93TO MHJMBUyasIbHble AKTepbI B CeTH, a CBA3H Me@2%KAY HUMUM — 9TO OTHOLMICHHA Me?K ly akTe- 
pamu. BimsaHve CTpyKTypbI COMMaIbHOU CeETH MOXKHO M3y4aTb Ha 3-X YPOBHAX: yPOBHe pac- 
TOJIOKEHUA AKTEPOB B CeTH (HHAMBUyasIbBHOM YPOBHe), yPOBHe OTHOLMICHHA AKTePOB B CeTH 
(ypoBHe CBA3eH) H ypoBHe OOMIeM CTpyKTypbI CeTH (ypOBHe ceTH). 

Cerepaad eyaroruka Oa3upyeTca Ha CIIeYFOWUX KIIFOUeBBIX MONOKeHUAX (Ilarapaknn, 
2007). 

e YueHve NpOUCXxONT B CiielMasIbHON y4eOHOH cpee, B KOTOPOM MpOuCcxXOAUT OCBO- 

eHHe HOBOTO 3HaHHA UM KOTOPAA NIpW3BaHa OOeCIICYHTh JICATCJIBHOCTb, HalpaBsieH- 
HYy!O Ha JIOCTWKeHHe peasIbHOrO pe3yIbTaTa ITYTeM HCIHOb30BAHUA CIeHMasIbHbIx 
UHCTPYMECHTOB, CpeJICTB HW TEXHOJIOrHH. 


e YueHve MpoucxoyuUT B OOCTaHOBKe COTpyHWYecTBa, Te HOBMYKH MOCTelMeHHO 
CTaHOBATCA IKCHeEPTAaMU Yepe3 IpakTHYecKoe yuacTHe B pelleHHu MpoOsIeM BHy- 
TpH KOHKpeTHOH OOacTu 3HaHHH. IlosHaHve CBA3aHO C YCJIOBHAMH TOK CUTyalMn, 
B KOTOPOH OHO IIpOHCXxONT. 


e Yuenve IpoOucxoyMT 4Yepe3 MOCTpoOeHHe CeTH. ITO TOUOKeHHE MPHHATO Ha3bIBaTb 
KOHHEKTHBH3M (Siemens, 2004). YueHne — nporecc, KOTOpBIM OCYIIeCTBIACTCA B 
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W3MCHATOIIeMCA Cpesle, Te MOCTOAHHO MpOUCXxOAUT peopraHn3aliuaA OCHOBOTIONAara- 
FOUMX y310B. B nponecce TpaHcdopMallMu y3JIbI CeTH OOPa3yIOT COeMHEHHA, 10 
KOTOPbIM JIaHHbIM, HH(OpMAaLIHH MU 3HAHMAM Jierue WepeMemlaTacd. Kak bi yuact- 
HUK CeTH OOsIayjaeT OlIpezeuEHHOM ABTOHOMHeM B CBOeM MOBeCHHU, Ha KOTOpOe 
Ce€Tb OKa3bIBaeT OrpaHH4eHHOe BO3eEHCTBHE. 


KaxkIbI yuacTHuK CeTeBOrO COOOIIECTBa MOXKET BbIMOJHATb CBOM IIpOctTHle onepallun, 
(DOPMUpysA Ip ITOM TOMOIOFHIO UW JMHAMUKY CeTH B IeJIOM. DTA MOeIb CeETEBOrO B3AHMO- 
JICUCTBUA MOXKET UCMOMIb3OBAaTBCA B WearOrHu4ecKOH MpakTUKe JIA OCBOCHHA YUCHHKAMH Hen 
TeleHTpann3alun. BaxkHbii Jf COBPCMCHHOLO CeTEBOLO YUAaLerOcA OMbIT paOoTH! B YCIOBU- 
AX JICLCHTPauH3alluH MOXKeT ObITb MOIVYeH BHYTPH COBPeCMeHHBIX CeTeBbIX COOOecTB. JHA 
39TOFO yuallleMyCaA HEOOXOMMO OKa3aTbCA BHYTPH ITOM IKOCHCTeEMBI, MOUYBCTBOBATb cebs ee 
3JIEMCHTOM. IlosTOMY O4eHb BAXKHO OpraH30BaTb YYCOHHIN MpOLMecc B JeATeJIbHOCTH, YaCTbIO 
KOTOPOM OHH CaMH ABJIAIOTCA. 

Tor (aki, 4TO NpaBusia VHAMBUyasIbHOrO MOBeCHHA UW MOBeJICHUA KOJIICKTUBAa Haxo- 
ATCA B CIOHKHOK, WOAVac HEOOBACHUMONM 3ABHCHMOCTH, H3BeECTeH, HM HaxXOJUTCA B Cepe Ha- 
YUHBIX MHTeEpecoB B TeYeHve MHOIHXx Jet. JlocTaTOUHO BCIIOMHUTH OnepeqUBIIMe CBOe BPpeMA 
paOortsi: (Lilet, 1963; BapmascKkuit, 1973; Resnick, 1997). OqHako Negaroruyeckasd MryOu- 
Ha 9TMX MCCUeTOBaHuit He Oba WOCTaTOUHA BOCTpeOoBaHa JO BOZSHUKHOBeCHHA CETEBOH peasib- 
HOCTH, CBOMCTBCEHHOM COBPCMCHHOMY OOILIeCCTBY. 


AHanutTnuka KonnekTMBHoro Mo3sHaHnaA 


AnvasuTuka KomiexTuByHoro Ilo3Hanusa (AKI) pa3paOaTprBaetca Cc IeJIbKO MOMOUb CTy- 
JICHTaM B UX OOYYeHHH C MOMOLIbIO COMMAJIbHbIX CeTeH, a TakxKe IpodeccuoHasaM-lesaroraM 
— ITYTeM BOBJe4YeHHA UX B HE*OpMaIIbHbIN yYACOHbIM Mpolecc uepe3 PyHKUMOHUMPOBAaHHe B 
paMkax y2Ke CyIIeCTBYIOMUX H HaOuparollux CHJIy BUPTyasIbHbIxX CooOmecTB (Schreurs, Teplo- 
vs, Ferguson, De Laat, & Buckingham Shum, 2013). 

CTyCHTbI WU pemosaBaTesM, BKIIKOUCHHbIC B (YHKIMOHUpOBaHHe X2KUBON «OHIAMHO- 
BOM» CeTH B (OPMAJIbHOM WIM HeMOpMaJIbHOM Teqaroru4ecKHX KOHTeCKCTaX JIOJDKHbI pac- 
CMaTpUBaTbCA Kak OObEKTHI, POPMUPYFOMIMe CeTb COMMAIbHbIX B3AMMOOTHOIeCHUH, OTOOpa- 
7KAFOLLYIO TepeMel[eHHe MOTOKOB HHMOPMAIIMOHHBIX PecypcoB Mex Ty HUMH (Lave & Wenger, 
1991). B kayecTBe IpHMepoB MOXKHO TIpHBecTH BUpPTyasIbHy!O Fpylily, WpwHoOperarollyro 
ONbIT HCHOJIb30BaHHA HEKOTOPOM TeEXHOJIOrMH TWYTeM OOMeHA OMBbITOM, WIM BUPTyasIbHOe Co- 
OOMIECTBO, KOJWICKTHBHO CTposllee CHCTeMy 3HaHUM O COOCTBeEHHOM UCTOpHu U COOupartoltee 
COOTBETCTBYIOINMe HHMOpMaLIMOHHbIle pecypcpi (Wenger, Trayner, & De Laat, 2011). 

AKII orkpsipaeT mepey, yuaacTHuKaMH BUPTyaJIbHbIX COOOIIeCTB (CTyIeHTaMH, Iperlo- 
aBaTeJIAMM MW UCCIIeCOBAaTeIAMU) BO3MOXKHOCTH CTABUTh U pelllaTb pA], BOIPOCOB, OTBeETbI Ha 
KOTOpbIe, B CBOIO OYepeb, HM POPMUPYIOT y YUaIMXCA CeETeEBYIO OCBeEJOMJICHHOCTE. IIpumepa- 
MM TaKHX BOIPOCOB ABJIAFOTCA CJC YFOMMe: 

KTo y KOrO 43 yuacTHHKOB CeTH yautTcs? 

B kakux HalpaBlieHHAx UYT HHDOpMaIIMOHHbIe MOTOKH? 

HackoJIbKO pe3yJIbTaTHBHBI B3AMMOJIEHCTBUA Y4aCTHUKOB CeTH? Kak OHM BJIMAIOT Ha 13- 
MeHeHHe TOMOJOIMU CeTH? 

OTOT CIMCOK MOKeT ObITh IpOMOIMKeH, OHAKO, IipeiaraeMoe UccIeqOBaHHe cocpe- 
JJOTOUCHO MMCHHO Ha 3THX BOTIpOcaXx, TaK KaK OHH MOryT 3dPeKTHBHO H3y4aTbCA Ha OCHOBE 
lipeyiaraeMou B padoTe MeTOAMKU MOJIeJIMpOBaHHA CeTH. 

B COOTBeTCTBHH C OCHOBHON UAeen AKI, yaanjueca OTBeuarOT Ha Tlepe4YHCJICHHBIe BO- 
IIPOCbI CAMOCTOATEJIBHO, CTPOA HV AHAIIM3MPyYA KOMIIbIOTEPHbIe MOI YACOHbIX CeTeH B Cpese 
COOTBETCTBYIOIMCr0 JIPyKeCTBCHHOLO IIporpaMMHOTLo ObecrieyeHua. BaxkHO OTMETHTH, YTO BBI- 
BOJ[bI, K KOTOPbIM IIPHXOAAT y4alliMecs, He OOM3aTeCJIbHO JOJDKHbI OTBCUATbh KPHTepHIO UCTHH- 
HOCTH. CeTb UH ee JMHAMHKa CJIOXKHBI UW HE OMMCKIBACMBI IIPOCTbIMH aITOpHTMaMH. TOuHOCTh 
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BbIBOJOB, MOJIYYCHHbIX y4allIMMUCA, BTOPOCTeleHHa JIA 3ajad Takoro Klacca. BaxkHee Jpy- 
roe: CaM IIpolecc MOCTaHOBKH 3a,a4u B BUC MOJeIIM — C OMHOM CTOPOHI U ee BCECTOPOHHEe 
vuccleqOBaHHe — C pyrou. 


MogesimupoBaHne cetu B Ccpese NodeXL 


B ocHosBe lipeyaraeMoro MOAXONa JIeEKUT peasm3anua MHCTpyMeHta AnasmTuKH Kor- 
nleKTHBHOrO Ilo3HaHua (AKI) B Bugze cpeybI, coctosujet 43 NodeXL u Microsoft Excel. Cne- 
I[MasIbHoe MporpaMMHoe OOecneyeHve NodeXL ucnonb3yerca TIX BU3yAIM3allMu UW anasn3a 
CeTH, B TO BpeMA Kak CTaHapTHad WIeCKTpOHHad TaOmMia Excel ucnoub3yeTca Id CHHTe3a 
MOJeJIeH pa3s3HooOpa3HbIx CeTeH WU MOCIeYFOUWIMX IKCHECPMMEeHTOB C ITHUMU MOJeAMu (Smith 
vu ap., 2009). 

B ocHose padotsr NodeXL silexutT HMNOpTUpoBaHHe ciMcKa pebep ceTH, CO31aHHOTO 
HOOOK CHelMasM3UpOBaHHOU MporpaMMoOi#, B OlpeszeuIeHHy!o OOnacTb Microsoft Excel u qamb- 
Heliiliad OOpaooTkKa 9TOrO CHMCKa, OOCCHeYMBALOMLAad BO3MOXKHOCTH Kak BU3yAIIM3allu CeTH B 
Bue rpada, Tak MU aHasu3a ceTH. B pe3yibrare oOpaOoTKu cliMcka peOep CeTH MOIb30BaTeIIb 
TOWyUaeT JOCTYI K BCCEBO3MOXKHBIM XapaKTepHCTHKaM CeTH UM pa3sHooOpa3HbIM (OpMaM ee rpa- 
(buueckoro IipexzcTaBieHua. Ha 3TOM BO3MOxKHOCTH NodeXL orpanuuusatotcas. B To Ke BpeMa, 
4HMCTO aHaIMTH4eCKad JICATCJIbBHOCTh MOJIb3OBATEIA, XOTA WU ABJIACTCA BAXKHOM KOMIIOHCHTON 
MO3HABATeIbHOH JeCATebHOCTU, He MOKET ObITb IpH3HAHA MOJIHOCTbEIO OTBeEUAarFOIen WeJAM, 
CTOAINMM Tepex AHamuTuKon ComunanbyHoro Ilo3Hanua (ACIT). HeoOxogumocts jonosHeHuA 
aHamuTMueckouw uactu NodeXL cuHtTeTu4eckoi KOMNMOHeEHTON TpeyscTaBiaeTca OYCBUAHOH, 
Tak KaK HMCHHO BO3MOXKHOCTh CO3aHHA CeTeH pa3sHOOOpa3HbIxX BUOB UW IKCIICPHMeHTUPOBa- 
HHe C HUM MO3BOJIAKOT MpUAaTb yACOHON JeEATeJIBHOCTH UCCIeOBaTeIbCKHM XapakTep, AB- 
NAFOWMUCA OJLHUM 413 OCHOBHBIX JIOCTOHHCTB paOOTHI B KOMIIbIOTCPHbIX YYCOHBIX Cpeax. 

B Hactosien padote mpesiaraeTca MeTOA MOeuMpoBaHHsA CeTeH B cpeze Microsoft 
Excel c mocieayrolluM UMMOpTupoBaHiem ciiucKka pedep NodeXL u nocueszyrouluMu Bu3ya- 
NM3allMei U aHasIv30M CeTeH MOcpeyICTBOM aHamuTuKU NodeXL. 

J[14 Co3qaHvA CIIMCKa peOep MOeIMpyeMOW CeTH UCHOUIb3yeTCA KOHKPeCTHBIM asIrOpuTM 
(DOpMUupOBaHHA STOH CeTH. DOpMUpoOBaHHe CeTH, B CBOIO OYepesb, OLIpeseAeTCA WOOaBIIeHH- 
©€M HOBOH BeplIMHbI KaxK]yY1O CJIMHUILY YCJOBHOFO BPeMeHH U JIOrMKON (1paBusaMu) Co3qaHuA 
HOBOrO peOpa rpada ceTu. B KOHeEYHOM UTOFre, MOJHbIN CIMCOK peOep Co3aeTCA B pe3yibTaTe 
CpaBHeHuA MapaMeTpOB BCeX BO3MOXKHBIX lap BepmlIMH. Pemlenve 0 CO37aHHH O4epeHOrO pe- 
Opa B rpade ceTH IpHHUMaeTCA Ha OCHOBE MpeABapUTeIbHO OlIpesesIeHHOrO Hadopa WpaBul. 
UmMeHHO 93TH TpaBusia (arOpuTM) MU WpecTaBAIOT COOOM CyI[HOCTb CeTH, TaK KaK HMCHHO 
OHH OlpeesAIOT KaK TOMOJOTMIO CeTH, TaK MW JMHAaMUKy U3MeCHEHUA ITON TOMOJIOTHU BO Bpe- 
MeHH. 

BaxKHO OTMeEHHTS, TO Kak TOMOJIOIMA, TAK HW JMHAaMUKa CeTH ABJIAFOTCA BECbMa CJIOXKHBI- 
MH HW MaJIO UCCJICMOBaHHbIMH, MO KpaitHew Mepe B KOHTeCKCTe COI[MaJIbHbIX CeTeH, OOACTAMUH 
3HaHUH, OTHOCAIIMMUCA K TaKHM CiepaM, KaK KOMOHMHATOpHKa, TEOPUA aITOPpHTMOB, TeOopHusA 
rpados u cetei. OnHako, UMCHHO IipeiaraeMad MeTOMKa MOJeIMpOBaHHA UW WO3BOJAeT He- 
lIpodeccnoHasaM MpOYKTUBHO UCIOJIb30BaTb MO3HABATCJIBHbIM MOTCHIIMAJI CETEBOFO MOJIeJIN- 
poBaHHA, TaK KaK OCHOBAaHA Ha (OPMYMPOBKe MpOCTbIX HM MOHATHBIX WpaBus MpUcoeqMHeHHA 
OYepeHOH BeprIIMHB! K y2Ke CYMCCTBYFOMeH CeTH, 0€3 HCHOIb3OBaHHA CJIOHKHbIX MATeMaTHYe- 
CKHX KOHCTpyKIHH. 

MerToy, MOJesIMpOBaHHA KpaTKO MOXKHO CPOPMYIMPOBATh CJICAYFIOIWUM OOpa30M. 

JlonycTuM, 4TO B eMHULYy BpemMeHyu JN kK ClIMCKy BeplIMH TOOaBIAeTCA HOBad BeplInHa 
V . Janee 1pou3sBouuTcaA CpaBHeHHe MapaMeTpos 9TOM BeEpIIMHbI C WapaMeTpaMu y2Ke CPOpMH- 


POBaHHBIX BepuIMH V,,...,V,_, HW, B COOTBETCTBHM C 3apaHee OnpeeyIeHHbIM TpaBHJIoM, TIpH- 
HMMaeTCa pellleHue O CO31aHHu OYepeHOro peOpa. Kaxyoe HOBOe peOpo T00aBIA- 
eTCA K HMCFOIIeMyCcsa CHMCKy pedep. 
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OcHOBHOH asIrOpuTM CO3aHHA MOJeJIM CeTeM peasIM30BaH Ha A3bIKe VBA u mpeyicTaB- 
AeT COOOK Ba BIIOKCHHEIX Wuksa. [Ip MOMOMM BHEIMIHero IMKa CO31aeTCA CIMCOK BepmInH, 
a BHYTPCHHHH [MK OTBeEYAeT 3a CO3TaHHe ClMCcKa pedep. Ciucku peep U BepllInH CoO31aroTca 
B oOnacTu Microsoft Excel, npeqHa3HayeHHOH JIA aHalM3a pu noMommM NodeXL. 

PaccMOTpuM, B KayecTBe IIpHMepa, MOJeIMpOBaHHve MPpOW3BOJIbHOM CeTH (CeTH, B KO- 
TOPOH pellleHve O CO3aHHu peOep NPHHUMaeTCA CJLyYaMHbIM OOpa30M). Ha30Bem Takoe lpa- 


BHJIO HOJCOeCMHEHHA «IpaBMJIOM Ciy4aHHOoro TWOACoedqMHeEHUA. Pedpo VV, OyeT CO31aHO, 


€CJIM B MOMEHT IIPOBepKH Mapbl BepIIHH Vi u V; IaHc (BEPOATHOCTS) Pp UX COeAMHEHHA (CO3- 
aHua pedOpa) OyfeT OobIIe HeKOTOpOK cnyaaitHoit BeCJIM4HHbI, MHbIMM CJIOBaMH (Ha A3bIKe 


Excel) 6yaeT HCTHHHO BbICKa3bIBanHe RAND < Pp, re O< p< 1. U3mensaa 3HaueHnue 
D, MbI MOX%KEM U3MCHATb BEPOATHOCTh Co37aHHA pedep. Ha pucyHke | npeycTaBueH rpad Tako 
CeTH IIpH JBYX pa3HbIx 3HAYeHUAX P. 





¥ 
‘ 


Puc. 1. Ppacbpi ceTen, CbOpMupoBaHHbIx B COOTBETCTBMM CNpaBMsiOM CAyYanHoro 
nogcoequHenHns npn p=0.2 (cneBa) vu p=0.7 (cnpaBa). 


OvueBu AHO, YTO TIpeACTaBJICHHbIM IpUMep WINIKOCTpupyeT JIMIUIb UAeKO MeTOa MOje- 
NMpoBaHHd. OH He UMeeT COAeCP2KAaTebHOrO 3HAYCHUA, TAK KaK MaJIO YTO MOXKHO H3YYHTb Ha 
OCHOBe IIOJIYACHHbIX rpaos. 

OyHako, IipeyiaraeMbIM MeTOI WaeT MOJIb30BaTeIIO BO3MOXKHOCTb CO31aBaTb COepxKa- 
TeJIBHbIe MOJeIIN CeTeH, 3aaBad pasHooOpa3Hble HaOoOpbI UpaBus (OpMUpoBaHHUA peep (cBA- 
3eH), a 3ATEM HCCJICMOBaTb ITM CETH, H3MCHAA BXOTAMIME B 3aJJaHHbIM HaOOp NpaBH Mapame- 
Tpbi. [lomuMo 9TOrO, MOUb3OBaTeIb MOUYAaeT BO3MOXKHOCTH UCCIeAOBAaTh JMHAaMUKy mporecca 
CO31aHHA CTH, MHOTOKpaTHO O0aBIIAA K Hel HEKOe OlpesesIeHHOe YHCIO BEpIIMH (WIM OJHY 
BepIIMHy) HU HaOsOad U3MeHeHHe Tpadha ceTU, MOCTPpOeHHOrO cpeycTBaMUu NodeXL. 

B cnlemyrolllei mabe IpUBeJeCHbI pe3ysIbTaTbI 9KCIeCPHMECHTOB MO CO3aHHIO VU aHasIM3y 
COJIepKaTeIBHbIX (TO CCTb MMCIOIIMX KaK TeEOPeTH4ECKOE, Tak HW WpakTu4eckoe 3HayeHHe) Ce- 
Tel, MOCTPOCHHBIX HM MCCJICOBAHHBIX C MOMOIINbIO pe IOKeCHHOM MeTONKH. 


SKCNeEPMMeHTasIbHOe NUCCNeAOBaHNe CeTeN Ha OCHOBe CpeAbi MOAeNNpoBaHnaA 
NodeXL 


HanOdosiee U3BeCTHOM MOJCJIbIO CCTH B HACTOAIee BPeCMA ABJIACTCA Mpewo0xKeHHas Ba- 
pada u AnbOeptom B 1999 roy MOjesIb TaK Ha3bIBaeMOM MaciliTaOHO-HHBapHaHTHOH CeTu 
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(Barabasi & Albert, 1999). Cormacuo moyen Bapadamm-AnbOepta, MaciiiTaOHO-HHBapuaHTHBIe 
ceTH Oa3MpyrOTCaA Ha JBYX OCHOBHBIX IIPHHI[MMax: HEOrpaHH4eHHbIN POCT U MpeAMOYTUTeIIb- 
Hoe coeyuHeHHe (Barabasi, Albert, & Jeong, 2000). To ects, (1) ceTb MoxeT pa3pacTaTbca BCé 
BpeMA ITyT€M OOaBJICHHA HOBbIX BepIIMH; (2) HOBad BeplIMHa IpHcoesMHUTCA C OONbINIeH 
BCPOATHOCTHIO K BepIIMHe, y2Ke MMErFOIMIeH OOUbUIOe KOJIM4ECTBO COeCJIMHEHHH, T.e., XapakTe- 
pu3yrollevica OobUION CTereHbIO (degree). 

Bapadamm u AnmbOepT He KOHKpeTH3UpOBalIM B CBOHX padoTax, KaKYIO HMCHHO MOJICJIb 
IIPeWIOYTUTeIbHOrO COeCMHEHHA OHH peyararoT pacCMaTpUBAaTh, B TO BPeMA Kak 39TH MOEN 
UCKJIIOUNTeEIBHO pa3sHoposH! (PatiropoycKun, 2010). B HacTosmlen rmiaBe MpoJJeMOHCTpUupo- 
BaHbI MOCTpoOeHHbIe B cpeyze NodeXL Ha OcHoBe IpeyIOX*KeCHHON MCTOMOJIO“NH, HECKOJIbKO MO- 
enen, OOaqarollux CIeLYIOWMMU OOWMMH TpaBusaMu PopMupoBaHHA. Bo-nepBbix, KaxkaA 
HOBAaA BePIIHHa MOXeT ObITb IpHcoesMHeHa He OoOsIee, YEM K OJHOM CTapOH BepllIHe, T.e., Ha 
KaxKJ(OM BDCMCHHOM I1lare B CCTH HOABJIACTCA MAKCHMYM OJ[HO HOBOE peOpo. B cooTBeTCTBHH C 
IIPHHIUWMOM NpeAMOYTHTebHOIO NpUcoeMHeHHA, HanOosIee BEPOATHO IpHcoesMHeHue HOBOK 
BePIIMHBbI K BepIIMHe C MAKCHMAaJIBHOU CTereHbIO. BO-BTOpbIX, KaxK10e COObITHE IIpHCcoesMHe- 
HHA MPOUCXONT C OAHOM U TOM 2Ke BEPOATHOCTHIO P, OOYCJIOBJICHHOM BHEIUHUMU (bakTOpaMH. 
MBI Ha3bIBaeM TaKHe MOJEIIM “MOCTOAHHO-BepOATHOCTHBIe MOJEJIM C OHUM MAKCHMYMOM ’. 


ITocmoanno-Bepoamnocmuas Tlouckoeaa Modeab 


Ileppovi 43 UCCIeEyeMbIX MOJeJIeH ABIIACTCA MOJCIb, OCHOBAHHAA Ha aJIFOpUTMe IIpo- 
CTOrO JIMHEMHOFO MOMCKa BepIIMHbI C MAKCHMAJIBHOM CTeIeCHbIO, MPOM3BOXMMOTrO IyTEM T0- 
CJICEOBAaTeJIBHbIX CpaBHeCHHH TeKyIIeH MAaKCMMaJIbHOM CTeIeHU CO CTeIeHbIO IIpOBepAxAeMOn 
BepIUHMHbI. OWHAaKO B OTIIMYME OT KIaCCHYeCKOLO MONCKa, CpaBHeHHe IIPOMCXOMT C BEPOATHO- 
cTb1O p. HoBpad BepllinHa NpHcoeyMHAeTCA K HAaMACHHOU BepInHe Vv, CTeleHb KOTOPOM MaKCH- 
MaJIbHa C BEpOATHOCTbIO P. B pe3ylibraTe CTelleHb BEpIIMHbI V yBesIM4MBaeTCcA Ha |, a CTeMeHb 
HOBOM BepIIMHbI WosyuaeT 3HayeHnHe |, ecIM OHA IPHCOeEMHMIIACh K OHO W3 BepIIHH. 

Crleq0BaTeJIbHO, HOBad BepllIMHa IIpHCoesMHUTCA K BepliMHe C 1-4 10 BesIM4MHE CTeIIeCHbEO 
C BEPOATHOCTBIO P, CO 2-if - C BepOATHOCTBIO (1-p)p, ..., c i-Hi - C BeposTHOCTBIO (1-p)'' p (B cary4ae 
PaBHBIX CTelleHeH, CTeIeHb BePIIMHbI, IPOBepACMOM paHee, Kak ObI ABIAeTCA Coben). pu 
nN CYUIeCTBYIOIIMX BepIIMHax, BEPOATHOCTb TOFO, UTO HOBAA BepIHHa He MpMCoOesMHUTCA HU 
K OJHOW 43 HX, paBHaetca (1-p)” p. Jia ceTu, COCTOALIeH U3 1 BeEpIIMH M OCHOBaHHON Ha 
IlocrosHHo-BepostHoctHon ITlouckopoi Moyen (IIBIIM) nim mr000H% Apyrow mocTOsHHO- 
BeCPOATHOCTHOM MOJeIM C OMHHM MaKCHMYMOM, CpeHAA O9KUAeCMad MAKCHMAaJIbHAaA CTCICHb 
B C€TH paBHsaetca p(n-1). 

ACHO, 4TO, YM BbIIe Pp, TEM Oobie OyeT CTeMeHb NepBOM NOABUBINeMCA B CeTH 
BepIIHHbI, AW TEM CKOpee HMCHHO 9Ta CTeIHeHb U OyAeT MAaKCHMaJIbHOH. To ecTb, Ip BbICOKOM 
Pp, Oonee CTapbie BepIIMHbI MOBbIMIAa!OT CBOIO CBA3HOCTb 3a C4ET OOJIeCe HOBbIX, BbIABJIAA TCM 
CaMBbIM IIpHHIM «OoraTble CTaHOBATCA ele Ooraye» (Barabasi & Albert, 1999). 

J\uarpaMMbI HeCKOJIBKHX CeTeH, CMOJ{eCJIMPOBaHHBbIX B cpeyle NodeXL ya pa3sIM4HbIx 
3HayeHHuhH P, MpeCTaBJICHbI Ha pucyHkKe 2 (CTeleHb BepIIHHBbI C MOPAKOBbIM HOMepom k 060- 
3HayaeTCa Kak d,). 
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(a) p=l, d\=99 (0) p=0.8, d;=78 (max), d2=20 
; * =a e Sf —~ : = 7 Pj rm Vi 7 z . ee 7 * : : 
(B) p=0.5, d)}=23, dy=51 (max), a3=9, d4s=11 (r) p=0.1, d|=6, d2=9, do=12 (max), d}7=10 


Puc 2. Cocronwjne nu3 100 BepwinH CeTu, OCHOBaHHp!e Ha TIBIIM 


ITocmoanno-Bepoamuocmuasa Ynopsdouennas Modeo 


Bropaa uccyleqyemMad MOJelIb, Tak Ha3biBaeMasd [locrosHHO-BepoaTHocTHaa Yoops0- 
yeHHad Mogens (IIBYM) cern cxogna c IIBIIM, ogHako aliropuTm ipucoesMHeHHA OYepeqHOn 
BePIIMHbI HECKOJIbKO OOsJIee H30LIPCHHbIN U Ooee 9(eKTUBHbIM (ObICTpHIM). B cooTBeTCTBHM 
mpaBpusamu IIBYM, ciMcok HMeFOLWIMXca BeEpIIHH NOAAepxKMBaeTCA OTCOPTHPOBaHHbIM 0 HX 
CTeMeHAM B YObIBaIOIIeM TOpsAKe, B pe3yiIbTaTe Yero BepIIMHa C MAKCHMAaJIbHOM CTeIeCHbIO 
HaxOJUTCca BBepxy cliMcKa. CIMCOK NOCIeOBAaTeIBHO IpOCMaTpHBaeTCA, HAYMHAaA C BepXHev 
BepIIMHbI, H HOBAA BepIIMHa IpHCcoeqHHAeTCA K NepBON BeplIMHe Vv, KOTOPOH «BepOATHOCTE 
P MO3BOJIAeT CO3aTb COeEMHEHHe»>. B pe3ysIbTaTe CTeIIeHb BepIIMHbI v yBesIM4MBaeTCA Ha |, 
MW 9Ta BepllinHa NepeBuraeTca B BEPXHeM HallpaBJIeHHU CIMCKa, Ha MO3HIIMIO, COOTBETCTBYKO- 
ItyFO HOBOMY 3HaveHHFO e€ cTelleHu. CrelleHb HOBOM BepIIMHbI WosyuaeT 3HayeHHe |, u 9Ta 
BeplIIMHA BCTaBIIACTCA B CIIMCOK Haj] BEpIIMHaMH CO CTelleHbIO 0 (130JIMpOBaHHbIMH BeplliiHa- 
MIM), CCIM OHA IPHCOeAMHUIAaCh K OAHOM 3 BepIIvH. 

HecmoTps Ha pa3JIM4ne B asIrOpHTMax, HCMOJIb3yeMbIX MOyesAMU IIBITM u IIBYM, o6e 
MOJICIM MOPOXKTAarOT OJJHY U Ty 2#Ke CeTeBY!IO TONOOFHIO, H WOTOMY H300paxKeHHbIe Ha PHCyHKe 
2 MarpaMMBI MOAXoTAT TakxKe UK IIBYM. 

JIna IIBYM (kak u guia IIBIIM) xapaktepuo cirezyrollee HHTepecHoe ABJICHHe, IIpOsB- 
NaAroOlleecaA Ip HU3KUX p. HekoTopble BeplIMHBI, IpHiweaWIMe cpequ MepBbIX, MOLyT OCTAaTbCA 
Y30JIMPOBaHHBIMY, T.c. C HyIeBOH CTeneHbHO. Ilpuunna dTOO 3aksIHKOUaeTCA B TOM, 4TO, WOKa 
CeTb HeBeJINKa, HOBAA BEPIIMHa CKOpee MOXeT He IPHCOeCAMHUTELCA HU K OHO M3 CyIIeCcTByI0- 
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IHX BepIIHH HW OKa3aTbcd BHUB3Y CHucKa. Crezyrolle, Oosee 1O3HHe BepIIMHbI Ha AYT Oob- | 133 
le BepIIHH B CeTH, HW BEPOATHOCTH UX IIPHCOeAMHeEHHA K OJHOM 3 CYMICCTBYFOIMIMX BepIuHH 
OyneT Bbie. IIpu 9TOM OoOsee BeEpOATHO UX TIPUCOeAMHeEHHe K BeplunHaM C OOJIbIIMMM CTe- 
IICHAMH, MOCuIe Yero UX COOCTBeHHbIe CTeleHU OyzyT paBHaTbcsa |. [lostomy, 10 Mepe pocta 
CeTH, IaHC BepIIMH C HYJICBbIMH CTeMeCHAMHM «ObITh OOHAPY2KCHHbIMU)> HOBbIMM BepiliMHaMu 
mayaert. 

PucyHoK 3 wrocTpupyeT 9TO ABJIeHHe WWIa p=0.1. Cets nocie 100 BpeMeHHBIX 1aroB 
(pucyHOK 3 (a)) u Ta xe CeTb HOcHe 1000 BpeMeHHEIX WaroB (pucyHoK 3 (6)) HMerFOT OHH U Te 
*Ke 6 W30JIMPOBAaHHBIX BepIIHH C MOPAKOBbIMU HOMepamH |, 5, 11, 15, 23, 27. 

BaxkHOHM OCOOeCHHOCTHIO Tipe IOKCHHOTO MeTOa MOJCIMPOBAHHA ABIIACTCA TOT akT, 
4To NodeXL B coyeTaHun c VBA o3BOsIAIOT CMOJICIMPOBaTb POCT CeTH B HEIIPepbIBHOM pe- 
*%KUMe JO HEKOTOPOTO 3a1aHHOrO pa3Mepa, IpOaHasIM3MpOBaTb MPOMeXYTOUHBIM pe3ylIbTaT U 
TIPOJOJDKUTb MOJeJIMpOBaHHe B HEMpepbIBHOM PexKUMeE JO CieyrOllero yKa3aHHOTO pa3mMepa. 
ITO HO3BOIACT YBUJCETb pasBUTHe CeTH B JIMHaMHKe. 








(a) Certs nocie 100 BpeMeHHBIX l1aroB (6) Ta xe ceTb nocne 1000 BpemMeHHBIX WaroB 


Pic 3. ABneHne “nepBbIX M3O/IMPOBaHHbIX BeEpwiNH” ana TIBYM (p=0.1) 


Kak T0Ka3bIBalOT IKCIICDHMMECHTHI Ha, KOMIIbIOTEPHbIMUM MOJIeJIAMH, BbITOJIHCHHbIC B 
cpeye NodeXL, mpu p<0.5, 4emM BbIlle p, TEM MeHbIIe pa3Mep CeTH, IIpH KOTOPOM cpeyHee 
OKUTACMOe YMCIO Y3OJIMPOBaHHBIX BepIUMH BbIXOJMT Ha HacbIlleHve, MW TEM MeHBINe CaMo 
3HayeHHe ITOTO 4UCIIa TIpW HacbIIeHHH. 


ITocmoanuo-Beposamunocmuasa Ynopadovennaa bez Hyneu Modeib 


YrToObl HeiTpasM30BaTb ONMCAaHHbIN B pes bIyuleM Naparpade OTpuUWaTebHbIM 9cp- 
(peKT, KOra HEKOTOPble IIpuimleqWIMe MepBbIMM BepIIMHbI MOLyT OCTaTbCA W30JIMPOBAaHHbIMH, 
IIBYM Moxert ObITb MoAMdulMpoBaHa. A UMeHHO, HOBAad BepIHa, IpHCoequHeHHad K OJJHOW 
V3 CYIICCTBYFOINMX BepIHH, He OyeT BCTABJIATbCA Haj] M30JIMpOBaHHbIMH BeplwMHaMH H OCTa- 
HeTCaA BHH3y cuucKa. TakKuM O0pa30M, CTapble BePIIMHbI C HYJICBbIMM CTeIIeHAMM He OyyT 
BHH3Y, MU CIMCOK OyeT OTCOPTUPOBAH TOJIbKO OTHOCHTEJIBHO CTeleHeH, MpeBbiilaromnx |. Ta- 
KYO MOJI€JIb YMe€CTHO Ha3BaTb //ocmoanno-Bepoamnocmuaa YnopadouenHaa bes Hyneu Mo- 
dens (IIBYM-BO). 
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(a) CeTb nocye 100 BpemMeHHEIX W1aroB (6) Certs nocse 300 BpemMeHHEIX WaroB 





(B) CetTb nocie 1200 BpemeHHBIX IlaroB 


Puc 4. CeTb, OCHOBaHHads Ha IIBYM-BO (p=0.1) 


IIpumep rpada Tako Moyen 21a p=0.1 n0Ka3aH Ha pucyHke 4. Ha pucyHke 4 (a) 130- 
OpaxkeHa COOTBETCTBYIOMIad CeTh HOcIe 100 BpeMeHHBIX WaroB, HMerOllad TPH W30JIMpoBaH- 
Hple BepuiMHsl: 5, 12 u 17. Ta xe ceTb nocme 300 BpeMeHHEIX IaroB, MMerFOIMaA JIMIIb 30- 
JIMpOBaHHy!0 BepluinHy 5, mpeycTaBseHa Ha pucyHkKe 4 (6). Hakone, nocue 1200 BpeMeHHBIXx 
IUaroB ITA CeTb BOOOIIe He COeEP2XKUT H3OUMPOBAaHHBIX BepIHH (pucyHoOK 4 (B)). 

IIBYM-b0 cauyetesbcTByeT 0 TOM, 4YTO JOMOJHUTeEJIBHOM IpenmMyilecTBoM IIBYM to 
cpaBHeunio c IIBIIM sasnsetca eé ruOkocTb. Bewb cnucoKk CylecTByIOMMx BepliHH B IIBYM 
ABJIACTCA, IO CYTH, CIMCKOM IIpvoputeTos. B To Bpema Kak B IIBIIM crenmeus BepiimMHbI 1pamo 
olpeyesaeT eé mpHoputet, B IIBYM coorseTcTBytOllMM KpHTepHeM ABIIACTCA NO3HIUMA Bep- 
IWMHBI B criMcKe. [looTOMy KaxkKbIM MOXKET OMpPeJeIMTb ITY MO3HIIMIO He TOJIBKO KaK (YHKIIMIO 
CTeleHH, HO MU Kak (YHKI[M1O KAKUMX-JIMOO JIPyrux JOMOUHUTeCIbHbIX WapaMeTpos. 
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(a) CeTb, ocHoBaHHasd Ha IIBYM (p=0.1) (0) Certs, ocHoBpaHHas Ha IIBYM-BO (p=0.1) 
Puc 5. 100-BepwinHHble cetTu 


EcTb U4 Apyrne pa3rm4na B noBezeHuu IIBYM u IIBYM-BO. V300nmposanuptle BepminHsl 
He TOJIBKO MCUe3aI0T B CETH, OCHOBaHHON Ha IIBYM-BO, 10 Mepe eé pocta. B ceTu Masroro pa3- 
Mepa, OCHOBaHHONM Ha IIBYM-bO, cpeaqHee omuqaeMoe YMCIO BeEpIIMH C HyJIEBOM CTeMeHbIO 
MeHbIIe, 4EM B CeETH TOTO Ke pa3sMepa, OCHOBaHHON Ha IIBYM. C apyronv cropousi, cpeqHee 
OX%KUACMOe YMCIO CBA3HbIX KOMIIOHCHT, COCTOAINMX U3 OoIee, YEM OJHOM BepIIMHbI, B CeTH, 
OCHOBaHHOH Ha IIBYM-BO, Ooubute, 4eM B CeTH TOrO Ke pa3Mepa, OCHOBaHHOH Ha IIBYM. Dro 
ABJICHHE MOXKHO OObACHUTh CIeAYIOWIMM OOpa3o0m. M30nMpoBaHHad BeplliMHa B CeTH, OCHOBAaH- 
HOH Ha IIBYM, ckopee MoxeT Tak HM OCTAaTbCA H30MpOBaHHOHU Ha MOceAyIOUMx Wiarax, 4eM 
B C€TH, OCHOBaHHOM Ha IIBYM-BO, B koTopod 9Ta BepliMHa C OOJbINIeEM BEPOATHOCTHIO CTa- 
HeT HavaJIbHOW JIA HOBOM ABTOHOMHONM YacTu ceTH. B m1O00M ciry4ae, CeTH, OCHOBaHHBIe Ha 
TIOCTOAHHO-BEPOATHOCTHBIX MOJeJIAX C OJHUM MaKCHMYMOM, XapaKTepH3yIOTCA OJJHUM U TeM 
%Ke CPeJIHUM O2XKUTACMBIM UMCJIOM CBA3HBIX KOMIIOHEHT, BKJIFOUad W30JIMPOBaHHBble BepIIHHBI. 

CooTBeTcTByrollMe MpuMepbI 1WoKa3aHbI Ha pucyHKe 5. Ha pucyuxKe 5 (a) u300paxKeHa 
ocHoBaHHad Ha IIBYM certs nocue 100 BpemMeHHBIX IWaroB. ITa CeTh HMECT B CBOEM COCTaBe 
11 CBaA3HBIX KOMIOHEHT, 5 43 KOTOpBIX (5, 12, 14, 30, 57) sBaatOTCA M30IMpOBaHHbIMH Beplln- 
Hamu. OcHoBaHHas Ha IIBYM-BbO0 certs nocie 100 BpemeHHBEIX IarosB pesCcTaBlIeHa Ha PUCyH- 
ke 5 (6). Ona TakxKe cocTonT u3 11 CBA3HbIX KOMIOHEHT, H3 KOTOPbIX TOJIbKO TPH ABJIAIOTCA 
W30JIMpOBaHHbIMH BepmiMHaMH (25, 33, 40). Ilo Mepe pocta ceTu, u300paxeHHOHM Ha pucyHKe 
5 (0), K STHM TpeM BepllnHaM paHo WIM 103HO IpHCOeAHHATCA HOBbIe BEPILMHbI, B TO BDeMA 
KaK BEPOATHOCTh TOPO, 4TO K ATH H30JIMPOBaHHbIM BepliMHaM Ha pucyHke 5 (a) IpHcoeqHHAT- 
Ca HOBBIe, C Ka2%KJ{bIM BDCMCHHBIM arom OyyeT TOUbKO HayaTb. IIpu sTOM OOe CeTH OCTaHyTCA 
COCTOAINMMH 43 11 CBaA3HbIX KOMIIOHEHT, H BEPOATHOCTb MOABJICHHA HOBbIX KOMIIOHEHT OyseT 
TlajlaTb C POCTOM ceTeln. 

YMecTHO HallOMHHTb, YTO BCE YHOMAHYTbIe CeTeBbIe 9PMeKTHI ObIIH 3AMC4CHEI B Pe- 
3yIbTaTe MOeMpoBaHHA. BaiillenpuBeyeHHble paccyKTeHHA C MCTOJIKOBaHWeM TOBeJeHuA 
CeTH OMIM OCYIIeCTBIICHbI Ha OCHOBE aHaJIN3a Pe3yJIbTATOB MOJ[eIMpOBaHHA. 


3aknrloueHne 


Hactosilas padota OnMMChIBaeT HU U3y4aeT yaeOHy!0 Cpejly HU JICATCJIBHOCTb y4allnxca 
B HOBOH, CeTeBOM y4eOHOH pealbHOocTH. B WeHTe BHUMaHHA CTATbH HAXOUTCA JICEATCJIBHOCTS, 
CBA3aHHaA C pa3BUTHeM CeTeEBOM OCBeEJOMJICHHOCTH — HOBOTO YMeHHA y4alHXxCcA, OKA3aBIIeTO- 
CA AKTYAJIbHBIM B IIKOJIC MOCTHHYCTpHasIbHOrO OOMIeCTBAa. ITA HOBAA y4eOHad JIeATCJIBHOCTh 
OCYIIECTBIIAETCA B PAMKaX MpOrpaMMHOKi CpejJibl, MOCTPpOeHHOM Ha OcHOBe NodeXL — cneun- 
aJIbHOFO CpeJICTBA JIA aHasH3a CeTeH. B TomouHeHHe K CTaHAapTHoU cpeye NodeXL pa3pa6o- 
TaHa MeTOJIMKa CO3JaHHA HOBBIX TMMOTETHYUECKHX CeTeH, Pa3sBUBarOMIMXCA IO MIpeJIOX%KCHHbIM 
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yualluMuca lWpaBusamM. AHasIM3 rpaduyeckoro MpeCTaBeHUA MOJTYYCHHbIX CeTeH CILy2KUT 
HCTOUHUKOM Jit (POPMUPOBAaHHA FHMOTe3 O WpaBMiax PYHKIMOHMpOBAHHUA cCeTel. 

PaOoTa 0 aHasIM3y CeTel HM CHHTe3Y HOBBIX MOJIeJIeH OCYIICCTBIIACTCA B COOTBETCTBUH 
C MesarorwuecKOU KOHIeMMMeN KOHCTPyYKUMOHH3Ma UH ABJIACTCA C€ ECTECTBCHHBIM Pa3sBUTHeM. 
OKCICPUMeHTAasIbHad YACTb CTATbU TpescTaBAeT COOOM OMMCaHHe MOJYACHHBIX C MOMOILIbIO 
IIpeIOXHKeCHHOK YYeCOHOHM Cpeybl HOBBIX MOJeJIeM CeTeH H UX JMHAMUKH. ITM HOBbIC MOJeIM 
(KaK HW IyYTb UX CO3aHUA) CBUJICTCIbCTBYIOT O MWIOJOTBOPHOCTH UH MepcieKTHBaXx pe IOxKeH- 
HOrO MeTOsIa. OHH TpesCTaBIAKOT COOOM KOHKPeTHbIM pe3yIbTaT paOoTH! y4allMxXcA B ONMCaH- 
HOH cpeyle MOJeMpOBaHHA. ITU MOJEIIM MOTYT WpeJCTaBATb MHTepec He TOJIbKO KaK OOBEKTHI 
HeEKOTOPOH y4eOHOH JeATeIbHOCTH MO pa3BUTHIO CeTeBOM OCBEXOMJICHHOCTH y4alllMxca, HO 
WM Kak OOBEKT HCCIEIOBaHUA B KOHKpPeTHOM WpeMeTHOM OOAaCTH, OCHOBAaHHOM Ha CeTeBbIX 
MoyesIAx. C 9TOM TOUKH 3PeHHA, IpeAIOHKeHHAaA MeTOMKa MpesCTaBIIAeT MHTeEpec KaK OCHOBAa 
TIA asIbHenMIMx UCCIeLOBAHHH 10 CO3aHHtO 9(MeKTHBHBIX YACOHBIX Cpey, B HOBOM CeTeBOH 
peasIbHOCTH. 
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Summary 


STUDY OF SOCIAL NETWORKS’ DYNAMICS BY SIMULATION WITHIN THE NO- 
DEXL-EXCEL ENVIRONMENT 


Ilya Levin 
School of Education, Tel Aviv, Israel 


Mark Korenblit 
Holon Institute of Technology, Holon, Israel 


Vadim Talis 
Jerusalem College of Technology, Jerusalem, Israel 


The present study is an analysis of the learning activity, which constitutes simulation of networks and 
studying their functioning and dynamics. The study is based on using network-like learning environments. 
Such environments allow building computer models of the network graphs. According to the suggested 
approach, the students construct dynamic computer models of the networks’ graphs, thus implementing 
various algorithms of such networks’ dynamics. The suggested tool for building the models is the soft- 
ware environment comprising network analysis software NodeXL and a standard spreadsheet Excel. The 
proposed approach enables the students to visualize the network s dynamics. The paper presents specific 
examples of network models and various algorithms of the networks dynamics, which were developed 
based on the proposed approach. 

Key words: /earning environments, modelling, social networks. 
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